Abstract. Tumor-infiltrating lymphocytes (TILs) are a heterogeneous cell family which plays an important role in tumorassociated immune response. Of these, T regulatory (Treg) cells have also been shown to inhibit anti-tumor response. We aimed to evaluate the expression of T regulatory cell markers (CD4, CD25, CTLA-4 and FoxP3) in samples of oral cavity squamous cell carcinoma (OCSCC) and lip SCC (LSCC) by immunohistochemistry. The relationship of Treg markers with survival data and the proliferative index were also evaluated. We observed similar numbers of CD4-, CD25-and FoxP3
Introduction
Immune-inflammatory cell response in the tumor microenvironment is regulated by a heterogeneous family of tumor infiltrating lymphocytes (TILs), which may have a dual function of inhibiting or promoting tumor growth and progression (1, 2) . Many reasons account for the failure of host immune systems to control tumor growth, such as the development of tumor variants that escape immune recognition or down-regulation of the major histocompatibility complex class molecules. The latter involve immune suppression mediated by T regulatory (Treg) cells and other cells of the innate immune system with suppressor activities (3) (4) (5) (6) (7) .
Treg cells comprise 5-10% of the total population of CD4 + T cells in mice and men and were primarily thought to be critically involved in the repression of autoimmune disorders (3) (4) (5) (6) (7) . Treg cells are characterized by the constitutive expression of a transmembrane protein, CD25 (the α-chain of the receptor for interleukin-2), cytotoxic T lymphocyte antigen-4 (CTLA-4) and forkhead transcription factor (FoxP3) (3) (4) (5) (6) (7) (8) (9) . Previous results showed that Treg cells are potent inhibitors of anti-tumor immune response and are associated with poor prognosis in different types of cancer (6, (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . The depletion of CD4 + CD25 + Treg cells has been shown to result in a slower tumor growth rate (13) . A high prevalence of Treg cells has been observed in the stroma of the pancreatic ductal adenocarcinoma. These cells have also been closely correlated with several malignant features, such as distant metastasis, high tumor grade and advanced pathological tumor-nodemetastasis stage (18) . Significant numbers of regulatory T cells increase in the peripheral blood of patients suffering from squamous cell carcinoma (SCC) of the head and neck (12, 24, 25) . In contrast, a recent study showed a longer survival and better locoregional control in patients with high numbers of tumor-infiltrating CD25 + cells in head and neck SCC (26) . CTLA-4 is a member of the immunoglobulin superfamily and binds to the B7.1 and B7.2 costimulatory molecules (3-8). The CTLA-4 gene encodes a receptor that is transiently expressed on activated T cells and plays a pivotal role in immune regulation by providing a negative feedback signal to the T cell once an immune response has been initiated and completed (8). CTLA-4 plays a role in the suppressive activity of CD4 and CD25 Treg against CD4 or CD8 T cells (6, 8) . Specific antibodies that block CTLA-4 have been used as anti-tumor agents, resulting in the enhancement of the anti-tumor immune response (10, 11, 14, 16, 20, 21) . On the other hand, CTLA-4 was previously demonstrated to play a role in the destruction of tumor cells in vivo (27) .
FoxP3 expression has been thought to be the most specific marker of Treg cells. This protein is a member of the forkhead family of transcription factors that are critically involved in the development and function of CD25 + regulatory T cells (7, 9, 28, 29) . In human cancer, FoxP3 expression is usually correlated with an unfavorable course of disease and may even represent an independent prognostic variable in terms of overall and progression-free survival (15) (16) (17) (18) 23) . In contrast, FoxP3 + CD4 + T cells were demonstrated to positively correlate with locoregional control in head and neck cancer (30) .
The significance of Treg cell markers in oral squamous cell carcinoma (OSCC) and lip squamous cell carcinoma (LSCC) has yet to be determined. This study aimed to investigate the expression of CD4, CD25, CTLA-4 and FoxP3 in oral cavity (OC)SCC and LSCC and their relationship with tumor aggressiveness and prognosis.
Materials and methods
Patient population. Surgically excised specimens of primary OCSCC were obtained from the files of the Anatomopathology and Cytopathology Division of Araujo Jorge hospital, Association of Cancer Combat of Goias. The study was approved by the ethics Committee of the universidade Federal de Minas Gerais and Araujo Jorge hospital.
Our patient population consisted of 18 patients with primary OCSCC, of which 7 were without cervical lymph node metastasis and 11 presented cervical lymph node metastasis. eight other patients had LSCC. Patients with oral cavity tumors were submitted to surgical treatment consisting of cervical lymph node removal with microscopic evaluation. however, no patient with oral cavity or lip tumors received radiotherapy, chemotherapy or any other treatment prior to surgery. Clinical data (gender, age, ethnic group, tobacco and alcohol consumption, tumor location, extension, T and n stages) and follow-up information (clinical outcome and survival time) were obtained from medical records. Specimens were fixed in 10% buffered formalin (ph 7.4) and were paraffin embedded. The microscopic features were evaluated from the analysis of one 5 µm section of each sample, stained routinely with hematoxylin and eosin. The sections were examined by light microscopy to confirm the presence or absence of lymph node metastasis, and to characterize OCSCC.
Immunohistochemistry. Sections (3 µm) from routinely processed paraffin-embedded blocks were deparafinized and dehydrated. Dewaxed sections were subjected to antigen retrieval (Table I) . endogenous peroxidase was blocked by incubation with 3% hydrogen peroxide and methanol (1:1). The slides were then incubated with the primary antibodies indicated in Table I for 18 h at 4˚C. After washing in TBS, the sections were treated with the envision ® + Dual Link System-hrP (Dako, Carpinteria, CA, uSA) or LSAB ® + system, hrP Peroxidase Kit (Dako). The sections were then incubated in 3,3'-diaminobenzidine (DAB; Dako) for 2-5 min. The sections were stained with Mayer's hematoxylin and then covered. negative controls were obtained by the omission of primary antibodies, which were substituted by 1% PBS-BSA and by non-immune rabbit (X0902; Dako) or mouse (X501-1; Dako) serum.
Cell counting and statistical analysis. In primary OCSCC (lip and oral cavity) samples, the densities of CD4, CD25, CTLA-4 and FoxP3 cells were determined in relation to the total of inflammatory infiltrate adjacent to the tumor front. To establish the proliferative tumor index, the number of cells showing Ki67 staining was evaluated as a proportion of the total epithelial cell population, but only the OCSCC samples were considered. Counts were performed in 15 alternate microscopic high power fields using an integration graticule (4740680000000-netzmikrometer x12.5, Carl Zeiss, Göttingen, Germany). P<0.05 was considered to be statistically significant. Comparative analyses between experimental groups were performed using the non-parametric KruskalWallis, followed by Dunn and/or Mann-Whitney tests.
The influence of tumor-associated Treg markers on the prognosis of OCSCC patients was evaluated by the Kaplan-Meier. CD4, CD25, CTLA-4 and FoxP3 values were dichotomized by the median, and differences in survival between groups were evaluated by the log-rank test. Survival time was calculated from surgical resection until the last follow-up appointment of the patient or until the patient succumbed to the disease. Significance was set at 0.05.
Results
The main clinical features of our series of 18 patients with OCSCC and 8 patients with LSCC are summarized in and FoxP3 + cells were distributed throughout the tumoral stroma. The stained cells had a mononuclear appearance in the two groups. We observed similar percentages of CD4-(5.51±0.50 and 6.14±1.16 for LSCC and OCSCC, respectively; P=0.826) (Fig. 1A) , CD25-(6.08±0.50 and 6.79±0.22 for LSCC and OCSCC, respectively; P=0.159) (Fig. 1B) and FoxP3-(10.41±2.48 and 11.61±0.88 for LSCC and OCSCC, respectively; P=0.586) (Fig. 1D) Fig. 1C) .
To analyze the relationship of Treg cell markers and the proliferative index of tumoral cells in OCSCC, the values were dichotomized into high and low CD4, CD25, CTLA-4 and FoxP3 groups by using the median values. Samples with high counts of CD4 showed significantly more Ki67-positive cells (P<0.05; Fig. 2A ). In contrast, samples with high counts of CTLA-4 exhibited significantly diminished proliferative indices (P<0.05; Fig. 2C ). no significant association between the proliferative index and CD25 + (Fig. 2B ) and FoxP3 + (Fig. 2D) with OCSCC were considered; a log-rank test showed no difference in survival between the high and low CTLA-4 and FoxP3 groups. however, patients with low counts of CD4 + cells showed a significant increase in survival (42±3 months) compared with patients with high CD4 + cell counts (15±4 months) (P=0.05; Fig. 3A) . Furthermore, patients with low counts of CD25 + cells showed a significantly lower survival (4±2 months) compared with patients with high CD25 + counts (33±5 months) (P=0.0008; Fig. 3B ).
Discussion
Innate and adaptive immunity play important roles in immunosurveillance and tumor destruction. Both types of effector responses are regulated by a heterogeneous family of TILs. TILs are present in the earlier stages of head and neck SCC with the relative proportion of CD3 + CD4 + being higher than or equal to CD3 + CD8 + (31). CD4 + T cells play a central role in initiating and maintaining anticancer immune responses (30) . however, regulatory CD4 + CD25 + T cells that express FoxP3 have also been shown to inhibit anti-tumor effector T cells (3-7) and may, therefore, contribute to the growth of human tumors (6, (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) ). An increase in Treg cell populations has been observed in different types of cancers, such as pancreas (18) , ovarian tumors (17) , metastatic melanoma (23) and head and neck cancer (12,24,25) . + and CD25 + cell numbers were dichotomized by median values (high groups, n=9; low groups, n=9).
It has been reported that LSCC patients usually have a favorable prognosis, and a low rate of regional lymph node metastasis and mortality when compared with OCSCC (32, 33) . Thus, the LSCC group was included in this study as a model of non-metastatic and low aggressive SCC. notably, we found a similar percentage of CD4 -, CD25 -and FoxP3 + cells in OCSCC and LSCC. In contrast, a diminished percentage of CTLA-4 + cells was observed in OCSCC compared with LSCC. In addition, a higher CTLA-4 expression was significantly associated with a low tumor proliferative index. These results may be related to the previously demonstrated function of CTLA-4 in the destruction of tumor cells in vivo via interaction with B7 (27) . On the other hand, much evidence indicates the importance of the CTLA-4 blockade in the prevention of malignancy and the spread of metastases (10,11,14,16,20,21) . Moreover, in OSCC, the A/A polymorphism of the CTLA-4 gene, which results in a high producer phenotype, is associated with poor survival (34) . We found no association between CTLA-4 expression and survival. These discrepancies may be due to the significant variation in the clinical outcome and methodologies used in the different studies. Furthermore, the expression of CTLA-4 appears not to be exclusive to Treg cells and may be associated with anti-tumor effector cells (3, 6, 8) .
The current model suggests that epithelial tumor cells recruit Tregs to inhibit anti-tumor immunity in the tumor microenvironment, thereby limiting the efficiency of anti-tumor immune responses (35) . On the other hand, regulatory FoxP3 + CD4 + T cells are positively correlated with locoregional control in head and neck SCC (30) . A possible explanation is that Treg down-regulates the harmful inflammatory reaction, which favors tumor progression. Furthermore, higher Treg numbers in lymphomas predict improved survival and prognosis of patients (35) . We observed that high numbers of CD25 + cells are positively correlated with survival. In accordance, Loose et al verified a trend towards longer survival and better locoregional control in patients with a high level of tumor-infiltrating CD25 + cells (26) . It is important to consider that the CD4 + CD25 + phenotype does not discriminate between activated and regulatory T cells. A significantly higher frequency of doublepositive CD25 + FoxP3 + cells has recently been observed in OCSCC in relation to control lymphoepithelial tissue, but no association between these cells and clinical parameters was verified (36) .
The clinical significance of CD4 + T cells inside tumors is controversial. A large number of tumor-infiltrating CD4 + cells was found to be an independent favorable prognostic factor in esophageal squamous cell carcinomas (37) . On the other hand, an increased level of tumor-infiltrating CD4
+ cells is associated with poor outcome in renal cell carcinoma (38) . In the present study, patients with low counts of CD4 + cells presented a significantly increased survival in relation to patients with high CD4 + cell counts. In accordance, samples with an elevated CD4
+ cell percentage exhibited a high tumor proliferative index. Our results suggest a regulatory/suppressive role for these cells in OCSCC as previously shown (39) . however, considering the heterogeneity of the CD4 + T cell phenotype, a further definition of the role of these subsets in OCSCC (using double or triple staining), as well as subsequent confirmation of activity in vitro is needed.
FoxP3 expression is correlated with the development and function of Treg. FoxP3 is a member of the forkhead family of transcription factors that are critically involved in the development and function of CD25 + regulatory T cells (7, 9, 29) . The expression of FoxP3 can be transiently induced in human nonTreg cells by activation through the T-cell receptor (28, 29) . FoxP3 expression was thought to be restricted to the T-cell lineage, but recently FoxP3 expression was detected in melanoma (40) and other types of tumor cells (41) . We did not, however, verify FoxP3 expression in neoplastic epithelial cells. FoxP3 expression can be influenced by different cytokines such as TGF-β, IL-10 or IL-2 (7, 9, 29) . notably, a slight increase in IL-10 concomitant with FoxP3 expression was observed in OCSCC samples (data not shown).
In conclusion, our results suggest an association of CD4 expression with poor prognosis, while CD25 expression is related to a favorable prognosis of OCSCC. These findings may result from the heterogeneity of TIL subsets that display antagonistic and complex roles in tumor immune cell response. surveillance 
